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Abstract — Microfabricated silicon arr ay structures, such as
those being developed by the VSAMUEL consortium may one
day provide inexpensive yet highly seledive dronically
implanted interfaces to the peripheral nervous gstem. In the
present study we examined the feasibility of implanting such
microeledrodes into peripheral nervetisaie by characterizing
the medanical forces required for implantation. We
conducted in-vitro implantation experiments into excised
rabbit peripheral nerve with eledrosharpened tungsten
nealles smilar in dimension to the VSAMUEL probes. A
nealle was manually advanced through the epineurium and
perineurium using a micro-manipulator. The force applied to
the nealle during the insertion processwas measured using a
custom built force detedion device We found that a force
greater than 2 mN was necessary to insert the neealle. Clear
dimpling of the nerve surface was also dbserved prior to
penetration.

Keywords - Peripheral nerve, micro-eledrodes, tungsten
neelle, recording, insertion force.

|. INTRODUCTION

Cuff eledrodes have long shown the aility to provide
a dronic reliable interface to record peripheral nerve
adivity. The dedrodes have found their way into
application in advanced closed-loop functional eledricd
stimulation (FES) systems, which use signals from natural
nerve sensors as feadbad [1,2]. However, the success of
the FES control is limited by the quality of the information
recorded by the dedrodes.

Intrafascicular eledrodes were developed to provide a
more seledive interface by penetrating the nerve sheah
and pladng the recording/stimulating site within the nerve.
Using intrafascicular eledrodes, Yoshida ad Horch
successully extraded joint angle from muscle dferent
adivity, and demonstrated that linea red-time cntrol of
ankle flexion-extension movement was posdble [3]. Given
eledrodes with geaer seledivity than the nerve aiff a
finer graded control might be achieved.

Microeledrodes (metal, glass micro-pipette or
photoengraved types) can potentially register adivity from
singe aons, and these dedrodes may therefore be an
attradive alternative peripheral nerve interface

Reoordings from individual nerve cdlsin the brain, has
been one of the main techniques used to study how the
brain processes information to control body functions [4].
Similarly, recordings from the sensory afferents in
peripheral nerves have shown to contain information on

body movement and orientation of the body in space[1-3].
Future use of information recoreded from these dferents
could broaden the number of possble gplicaions and
paosshble movements to be controlled by FES.

The medanics of insertion and density of
microeledrodes stes have been studied [5], however,
similar studies in periphera nerve do not exist. The
objedive of the present study was to determine the
necessry force to implant a microeledrode through the
epineurium and perineurium into peripheral newe.

Il. METHODOLOGY

Peripheral nerve tissie was obtained a from a New
Zedand White rabbit immediately after euthanasia. The
sciatic nerve and it's distal tibial and peroned branches
were exposed in the rabbit's left leg and removed. The
excised nerve was gored in anormal 0.9% saline solution
urtil the measurements were made. During the insertion
experiments the peripheral nerve tissue was kept immersed
in the saline solution. Sutures were tied to the nerve ends
as anchor and to adjust the tension on the nerve (Figure
1A). The insertion force was measured using a aistom
build force transducer device described in [6]. The force
sensor consisted of a DC-DC lateral displacanent
transducer (LVDT 0200000, Trans Tek. Inc.,
Conredicut, USA), a sted core atached to a spira spring
and a wupling junction attached to the probe. In the
present experiment, we caraderized the insertion force
using a 50um eledro-sharpened tungsten nreelle. The
displacament of the sted core refleds the defledion of the
spring d. The loading force of the tungsten needle F are
related to the spring constant k by Hooke's law:

FLOADING = 'kSPRING * dCORE

The device (core, attatched nealle ad spring) was
cdibrated on a regular laboratory scde to determine the
spring constant. The spring constant was estimated to 30
N/m . The tungsten realle was advanced manually using a
micromanipulator. The insertion speed was not controlled
during the experiment. The insertion angle of the tungsten
needle was kept normal to the surface of the peripheral
nerve. Furthermore, the dfed of insertion angle and
insertion speed was not studied.
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Figure 1. (A) The experimental set-up. The peripheral nerve tissue was kept immersed in 0.9% saline saline solution . The custom build force measurement
device consisted of a linear displacement transducer and a sted core moving in it's center. (B) The force applied to the tungsten reedle at contad and

insertion plotted asafunction of time.

IIl. RESULTS

The force gplied to the tungsten needle & contad and
insertion was measured and the results are plotted in
Figure 1B. Dimpling started to occur at the point of
contad between the nerve and the tungsten nealle. The
force ad the dimpling incressed as the nealle was
advanced further. The dimple in the nerve disappeaed as
the penetration force of the gineurium was approximately
2 mN. Simultaneously, at this point the dimpling
disappeaed, and the measured force deaeased.

V. DISCUSSON AND CONCLUSIONS

It was posdble to penetrate the eineurium with the
tungsten reedle. However, the penetration force in the
present experiment was higher than the penetration forces
observed during insertion of tungsten needles in rat brain
[6]. To provide single unit information in the periphera
nerve, the needle must be @le to sustain an axial load of
at least 2 mN without breaking or causing other damage to
the dedrode. In the present experiment a single-shaft
needle dedrode type was used. It has been reported, that
multi -shaft probes can produce apin cushion effed on the
tisszie, before the probes penetrate the surface
Furthermore, the insertion force increases with increasing
number of shafts of the microeledrode [6]. It can therefore
be expeded that althougha higher overal forceis required
to insert a multiple-shaft microeledrode into peripheral
nerve, ead individual shaft would likely require the same
amourt of force aasingle daft for insertion.

The present work will pave the way for modeling of the
insertion mechanics of eledrodesinto peripheral nerve and
towards more dficient design and implantation techniques
of intrafascicular eledrodes.
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